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CHAPTER 1
EXECUTIVE SUMMARY

ES-1 Background, Objectives, and Study Methods

Nearly 4,000 oil and gas structures currently exist in Federal waters of the U.S.
outer continental shelf (OCS), with the vast majority present in the Gulf of Mexico. The
primary purpose of these structures (e.g., fixed platforms) is to develop and produce oil,
natural gas, and gas condensates from offshore hydrocarbon reservoirs. When offshore
production from a producing field becomes uneconomic, the lease(s) may be terminated
by the operator. As one of its lease conditions, the Minerals Management Service
(MMS) requires that operators (responsible for installation and operation of a platform)
subsequently remove the structure within a year of lease termination.

Offshore structure (e.g., platform) removal typically involves the use of
explosives to sever structure-associated components requiring removal — wellheads, piles,
etc. — several feet below the seafloor. Historically, offshore development and production
of oil and gas reserves has occurred in shelf waters (i.e., <200 m). Movement of
production platforms farther offshore, coupled with recent interest in deepwater
development, however, has raised the issue of future platform removal in deeper OCS
waters (e.g., over the continental slope). Further, the presence of listed (i.e., endangered
or threatened species listed or proposed for listing under the Endangered Species Act
[ESA]) and/or protected species (i.e., all marine mammals are protected under the Marine
Mammal Protection Act [MMPAY]) in marine waters, coupled with the mandate to
minimize or eliminate the potential for impact to these species, underscores the need to
fully understand the environmental impacts associated with explosive platform removal.

The focus of the present study was to collect and synthesize existing information
relevant to explosive removal of offshore structures in aquatic environments. While the
expected application of this knowledge may include U.S. waters (e.g., Gulf of Mexico,
California, and Alaska OCS), the scope of this effort is worldwide. Sensitive marine
resources considered in this analysis include marine fishes, marine turtles, and marine
mammals. The primary study objectives were to:

1) provide a summary of available information by topic;

2) identify information and data gaps that could be filled by subsequent research
activities; and

3) recommend areas of research to meet MMS information needs.

The study effort was divided into two separate tasks — to develop the information
synthesis report, and to create a separate electronic database of all identified data sources.
Information gathered included pertinent data sources in the following topics:

» Explosive Removal Methods;
» Physics of Underwater Explosions;



Biological Resources;
Impacts to Biological Resources; and
Mitigation and Monitoring of Effects.

Information was gathered via electronic database searches (e.g., via DIALOG
Information Retrieval Service; access to 14 separate databases) and review of corporate
and personal libraries of project Principal Investigators, and included data sources from
the peer-reviewed literature, conference and workshop proceedings, contract reports, and
the gray literature.

ES-2 Decommissioning and Explosive Removal Methods

To remove a fixed platform, the installation steps are essentially reversed.
Topside equipment such as living quarters, generators, and processing equipment is taken
off by crane and returned to shore for scrap or to be reused. The deck sections are then
lifted from the platform and placed on cargo barges for transportation to their disposal
site. Conductors, flare piles, well conductors, submerged wells, and caissons are
structures subject to explosive removal. MMS regulations require that the piles and well
conductors be severed at least 5 m (15 ft) below the mud line and removed.

Pilings and conductors can be cut manually by a number of mechanical means

including:

use of tungsten-carbide blade cutters contained in routine rig workover
equipment;

use of diamond wire and hydraulic shear cutters deployed by remotely
operated vehicles (ROVs); and

manually by divers through the use of mechanical or abrasive cutting
techniques.

The safest and easiest cutting procedure is to place an explosive charge inside the
piling at the desired depth and sever the piling explosively. Presently employed
explosive cutting techniques include the following:

Bulk Explosive Charges — the most commonly used technique for explosive
cutting of piles and conductors; comprising C-4 or Comp B explosives;
explosives are castable and moldable, have a high velocity on detonation and
a high shattering power, and are not as dangerous to handle as some other
types of high explosives. Bulk charges are lowered into prepared pilings or
well conductors and detonated nearly simultaneously with a 0.9-sec delay in
groups of eight or less. Bulk explosives have a 95% success rate when sized
properly. Increased water depth has no adverse impact on the success rate of
bulk explosive cuts.



» Configured Bulk Charges — configured bulk charges such as “ring charges”
and “focusing” charges are designed to collide or “focus” the detonation front
to concentrate more energy along the fracture line, and thus reduce the size of
the charge needed to cut a piling. These types of charges have been effective
in reducing “belling” or bulging out of the severed piling.

* Cutting Charges — cutting charges include linear-shaped charges and “cutting
tape.” Linear-shaped charges use high-velocity explosive energy to accelerate
a v-shaped band of cutting material, usually copper, in a high velocity jet that
penetrates through the steel of the piling. Explosive cutting tape is a flexible
version of the linear-shaped charge.

A series of potential future explosive cutting techniques also was evaluated,
including contact plaster charges, shock-wave focusing charges, and radial hollow
charges.

Underwater explosive source characteristics were detailed, including the physics
of the explosive process, the use of shaped charges and associated directionality of the
explosive-based shock wave, media considerations (e.g., open water detonation), the use
of multiple charges, and shock waves and acoustic propagation.

ES-3 Sound Metrics and Injury-Mortality Criteria
Metrics

Sound level metrics are parameters that quantitatively describe the characteristics
of sound pressure waves at a given spatial location. The commonly used metrics for
impulsive sounds describe the amplitude, energy, and time-related characteristics of the
pressure wave. The values of specific metrics are used to gauge the degree of impact that
underwater sound signals have on marine wildlife. Standard thresholds for the metrics
have been established in reference to the minimum levels at which specific impacts have
been observed to occur for a given species.

The metrics that need to be considered for gauging one type of impact may differ
from the metrics used for another type of impact. The most common metrics for
impulsive sounds are as follows:

» Peak Pressure — The highest pressure attained by a sound pressure signal. This
pressure is measured with respect to ambient pressure, and is also referred to
as zero-to-peak pressure.

» Peak-to-peak Pressure — The difference between the highest pressure and
lowest pressure over the duration of a waveform. For impulsive sounds
produced by blasting, the lowest pressure is generally negative with respect to
ambient pressure and occurs soon after the largest positive peak due to
expansion imparted to the water by its positive impulse.

» Impulse — The time integral of pressure through the largest positive phase of a
pressure waveform. It has units of Pascal seconds.



» Root-mean-square (rms) — The square root of the mean square pressure over
the duration of the impulsive waveform. The duration used strongly
influences the value of this metric, though its definition is sometimes quite
ambiguous. Recent methods have been proposed for determining the duration
based on the cumulative energy flux density function.

* Energy Flux Density (EFD) — The total acoustic energy propagated through a
unit area normal to the direction of propagation. The EFD of plane waves can
be computed as the time integral of squared pressure, divided by the acoustic
impedance of the medium. The EFD is not suitable for continuous-wave
sounds because the integral is not normalized in time. The EFD has units of
Joules/m?, but is commonly expressed in decibels (dB).

* Sound Exposure Level (SEL) — The time integral of square pressure divided
by the product of sound speed and water density. The sound exposure level is
commonly expressed in decibels.

Decibels

All of the above metrics, except for impulse, are normally expressed in decibels.
The decibel presents pressure values on a logarithmic scale relative to a pre-defined
reference level. The EFD and SEL metrics are converted to decibels in a slightly
different way. It is noteworthy that these metrics often are used to refer to the same
quantity, namely, the time integral of square pressure divided by the product of sound
speed and density. This definition for EFD, however, is not strictly correct for complex
pressure fields; SEL may be a more appropriate metric in an analysis of potential impacts
from explosive sources.

Frequency Content

None of the above metrics directly provides information about the spectral energy
content of the sound signal. Spectral content is important for some types of impact
criteria (e.g., the accepted threshold level for temporary threshold shift [TTS] is based on
exceeding EFD levels of 182 dB re pPa’s in any 1/3-octave frequency band). The
standard approach in this case is to apply frequency domain filtering to the pressure
waveform prior to computation of the threshold. This approach is recommended only for
the EFD (or SEL) and rms metrics. A modified version of the peak pressure metric also
has been developed that accounts for the frequency-dependent hearing sensitivities of
specific species — identified as dBy(Species).

dBpn«(Species)

As a means of assessing potential injury from acoustic sources, the concept of
dBp«(Species) was summarized. The dBy(Species) metric expresses sound pressure levels
relative to the hearing thresholds of specific species. It is used most commonly for
gauging impacts of continuous sounds, although it may also be applicable for impulsive
noise. This metric is based on the same principle as frequency weighting schemes used
for determining impacts of noise on humans. Measurements of hearing sensitivity versus
frequency for individual species, known as audiograms, have been measured for many



species of fish and a limited number of whales. Confidence in the accuracy of
audiograms for most marine species is, however, limited at the present due to the small
number of individuals upon which these measurements have been performed.

Impulse

Impulse is defined by the time-integral of pressure through the waveform. The
impulse for exponentially decaying shock pulses from underwater explosives (assuming
no interference with surface or bottom reflections) is given by a simple expression.
However, for shallow sources or receivers, the arrival of the surface reflection has the
effect of canceling later parts of the pressure pulse. Consequently, impulse calculations
are often performed by integrating the direct path pressure only up to the arrival time of
the surface reflection.

Root-Mean-Square Levels

The rms sound level metric has gained popularity because it gives the most
representative measure of the average effective amplitude over a transient signal’s
duration. This metric is especially well suited to characterizing sonar pings and signals
such as windowed sine pulses. It also is quite widely applied for estimating impacts of
impulsive airgun noise on marine mammals. The rms metric is computed as the square
root of the mean squared pressure over the signal's “duration,” the definition of which is
somewhat ambiguous.

ES-4 Affected Environment

The affected environment discussion considers those components of the
biological environment that are at the greatest risk of impact from explosive platform
removal — marine fishes, marine turtles, and marine mammals. In the development of
this text, emphasis has been placed on the presence and characteristics of species present
in U.S. waters. Particular emphasis has been placed on listed and/or protected species —
those protected under the ESA and MMPA, respectively.

Marine Fishes

In the three OCS regions (i.e., Gulf of Mexico, Pacific, and Alaska), large
numbers of fishes associate with oil and gas structures. These fishes are briefly
characterized, with emphasis on federally managed species. Major findings pertinent to
marine fishes, by region, include:

* QGulf of Mexico OCS — reef and pelagic fishes that associate with oil and gas
platforms are broadly classified into coastal, offshore, and bluewater
assemblages.

* Pacific OCS — fishes that associate with offshore oil and gas structures and are
generally classified as groundfishes, including >70 species, most of which are
rockfishes.



* Alaska OCS — no information on platform-associated fishes was identified for
the primary offshore oil and gas field — Cook Inlet. Other platforms and
structures in the Beaufort Sea are built upon large gravel causeways or berms
and will not be removed with explosives.

Marine Turtles

Seven marine turtle species were considered in this analysis. Six species are
listed as either endangered or threatened under the ESA (i.e., loggerhead, green,
hawksbill, Kemp’s ridley, Pacific [olive] ridley, and leatherback), while the seventh (i.e.,
black turtle) is currently unlisted. The distribution of marine turtles species within MMS
OCS Planning Areas is variable. Two marine turtle species — loggerheads and
leatherbacks — are known from all three regions (Gulf of Mexico, Pacific, Alaska), and
are the only marine turtle species present in Alaska waters. Remaining species are found
exclusively in their respective regions, including green, hawksbill, and Kemp's ridley in
the Gulf of Mexico region, and black and Pacific (olive) ridley in the Pacific region.

Marine Mammals

Marine mammal summaries were organized by OCS Region — Gulf of Mexico,
Pacific, and Alaska. Marine mammal data have been compiled and summarized based on
both historical and recent aerial and/or shipboard surveys, with the focus placed on those
areas within each region where oil and gas platforms or other OCS facilities have been
placed and will require removal.

All marine mammals are protected by Federal law (MMPA), which affords
individuals and populations from mortality, injury, or harassment. Under MMPA, a
species may be designated as a depleted or strategic stock. In addition, individual species
also may be designated as threatened or endangered under the ESA. A stock may be
classified as threatened or endangered, depleted, and strategic simultaneously.

In the Gulf of Mexico, toothed whales are by far the most abundant marine
mammals present. No pinnipeds are found in the Gulf of Mexico, and Bryde’s whale is
the only mysticete that is seen with any regularity. Sixteen species are routinely sighted
in the Gulf of Mexico, and most are year-round residents. Bottlenose dolphins and
Atlantic spotted dolphins are by far the dominant species of the continental shelf and
shelf edge. Bottlenose dolphins also can range onto the continental slope in the northeast
Gulf. The most abundant species in deep water are Stenella spp. dolphins. Bryde’s
whales have been found in the northeastern Gulf along the 100-m contour.

In the Pacific OCS, numerous marine mammal species are resident or transitory.
Thirty-three species of cetaceans may occur in the Southern California Bight, including
25 species of toothed whales and 8 species of baleen whales. Common toothed whale
species include Dall’s porpoise, Pacific white-sided dolphin, Risso’s dolphin,
short-beaked common dolphin, northern right whale dolphin, and gray whale. Other
species occur in relatively moderate or small numbers or are only occasionally sighted.



ESA-listed species off southern California include sperm, northern right,
humpback, blue, fin and Sei whales. Six species of pinnipeds may also occur in southern
California waters (i.e., harbor seal, northern elephant seal, California sea lion, Steller sea
lion, and northern and Guadalupe fur seals). The southern sea otter is the only fissiped
known to occur in the waters of southern California.

In the Alaska OCS, oil and gas production activities in Federal waters have
historically been restricted to two separate regions — Cook Inlet and nearshore waters of
the Beaufort Sea. Platform removal is only expected to occur in the Cook Inlet (i.e., only
gravel islands are used for offshore oil and gas production on the Beaufort Sea shelf).
Marine mammals documented during recent surveys in Cook Inlet include beluga whales,
harbor seals, Steller sea lions, and the sea otter, while humpback and fin whales were also
reported along the southern limits of the inlet. Other cetaceans that can occur in the area
but were not observed during recent surveys include killer whale, harbor porpoise, Dall’s
porpoise, Pacific white-sided dolphin, gray whale, minke whale, Baird’s beaked whale,
and Cuvier’s beaked whale. In addition, sperm, Sei, right, and blue whales may wander
into the area. Three other pinniped species — northern fur seal, northern elephant seal,
and Pacific walrus — also may occur in Cook Inlet.

ES-5 Discussion and Recommendations

Major chapters of the synthesis report have reviewed the different technologies
used for explosive structure removals, the physics of underwater detonations, and
potential impacts on marine fishes, marine turtles, and marine mammals. The discussion
chapter discusses the findings, identifies data gaps, and recommends topics where further
study would be appropriate.

This report has focused on three faunal groups: marine fishes, marine turtles, and
marine mammals. Marine turtles and marine mammals are federally protected species for
which death or injury of individual animals is a serious concern. In contrast, although
many fish species associated with offshore platforms are federally managed, impacts on
stocks or populations are the main concern, rather than death or injury of individuals.
While mitigation and monitoring requirements have been established for marine
mammals and turtles, there are no measures specifically developed to protect marine
fishes; rather, it is assumed that fish kills are unavoidable during explosive structure
removals.

Environmental data concerning platform removals serve two main purposes: 1) to
allow impacts to be estimated (e.g., numbers of animals that may be killed or injured
during structure removals); and 2) to aid in developing or refining mitigation measures
that prevent or reduce the likelihood of impacts. Sources of data have included
laboratory and field experiments, modeling studies, and anecdotal field observations.
There are important differences among the three faunal groups discussed in this report
with respect to the types and adequacy of data available (Table ES.1). In general, marine
fishes are the best-studied group, and sea turtles the least studied.



Table ES.1

Types and Amounts of Data Available Regarding Impacts of
Underwater Detonations on Marine Fishes, Marine Turtles, and Marine Mammals

Group Types of Data Available
Experimental Studies Modeling Anecdotal Observations

Marine Numerous lab and field studies | Extensive. Many observations (e.g.,
Fishes of explosive effects. fish kills).

Quantitative studies following

actual structure removals.
Marine One study with caged turtles Very limited. Mortalities, injuries,
Turtles during platform removal (but strandings following

no pressure measurements). detonations.
Marine Recent studies of explosive Limited efforts, Mortalities, injuries,
Mammals | effects on dolphin carcasses. mostly connected strandings following

A few auditory effects studies | with ship shock trials; | detonations.

but most not for explosives. some models used

Several studies on behavioral | data from terrestrial

effects of seismic sources but | mammals.

limited relevance.

Marine Fishes

Lethal effects of underwater explosions on numerous species of fishes have been
studied in laboratory and field experiments and have been modeled extensively. These
data and models have been used to calculate effect ranges. In addition, there have been
studies specifically designed to estimate fish kills associated with structure removals in
the Gulf of Mexico.

One set of calculations reviewed predicts effect ranges varying from 12 m for
non-swimbladder species to 230 to 349 m for swimbladder species. Actual observations
following structure removal detonations indicate most dead fishes were within 25 m, with
numbers declining with distance out to 100 m. Other surveys have shown that fish
densities around platforms are highest within a horizontal distance of 18 to 50 m from the
structure. Therefore, it seems that most fishes associated with platforms are close enough
to be killed or injured by a typical underwater detonation associated with structure
removals. Of course, there are many variables affecting the fate of individual fishes
including their size, shape, vertical position in the water column, and orientation relative
to the detonation source.

The main goal with respect to fish populations is predicting impacts rather than
setting “safety ranges” for mitigation/monitoring. For predicting impacts, the empirical
data from observations during actual structure removals would seem to be more useful
than any attempt to calculate impacts based on experiments and models. Huge variations




in the fish population itself, including numbers, species, sizes, and orientation and range
from the detonation, would make it very difficult to accurately predict mortalities at any
specific site. Since the data collected by several researchers are limited in terms of depth
range and geographic extent, additional studies may be needed to predict impacts in other
areas, including deepwater environments.

Marine Turtles

There have been no laboratory studies of explosive impacts on marine turtles, and
only limited field observations and experiments. In several instances, turtle injuries and
mortalities (and in some cases, strandings) have been noted following underwater
detonations. In one case where turtles were recovered after an open-water detonation,
both charge weight and the approximate distances of the turtles from the detonation were
known. Only one field experiment has been conducted in which marine turtles were
exposed at known distances from a structure removal detonation; however, that study did
not include concurrent pressure measurements to estimate the magnitude and duration of
the shockwave received by the caged turtles. There have been several anecdotal reports
of turtle deaths or strandings following structure removal detonations, including a few in
the 15 years since the current mitigation/monitoring requirements were instituted.

There have been no mechanistic models developed specifically to estimate
impacts on marine turtles. Rather, it has been assumed that models developed for other
vertebrates are reasonable approximations. Several researchers developed an equation
for a turtle “safety range” based on field observations of three turtles following an
open-water detonation. The equation is simply based on cube-root scaling of the charge
weight and the distance at which one turtle apparently was not affected. More recently,
another researcher has provided a more conservative version of the same equation but
states that it is based on the criteria for platform removal established by the National
Marine Fisheries Service (NMFS) —i.e., it was not independently derived from
observations or experimental data. Recent environmental assessments have also included
modeling to establish effect ranges using earlier turtle death/injury observations and a
lung injury model. The results suggest that lung injury predictions for marine turtles are
not inconsistent with predictions for small mammals.

An important goal with respect to marine turtles is calculating the areal extent of
the mortality/injury zone so that this area can be monitored for turtles prior to
detonations. In the 1988 “generic consultation” for structure removals in the Gulf of
Mexico, the NMFS specified that the area within 3,000 ft (914 m) of the platform must be
clear of visible marine turtles prior to detonation. The NMFS document does not specify
the source of this number, but apparently it is based on the turtle death/injury
observations to date rather than any modeling.

Years of experience using the 3,000-ft (914-m) range monitored under the
“generic consultation” suggest it has been effective in preventing most deaths or serious
injuries of marine turtles. In addition, the modeling analysis done during recent ship
shock environmental assessments, while not directly addressing the “safety range” for



structure removals, suggests that the monitoring range specified in the “generic
consultation” is likely to prevent death and lung injury to marine turtles. However, the
empirical and theoretical basis for this specific number is weak. Although additional
experiments with turtles and underwater explosives are unlikely, some knowledge gained
from marine mammal studies in recent years may be applicable. It is recommended that
existing data be reviewed and modeling conducted to calculate mortality/injury ranges for
marine turtles using standard sound level metrics and incorporating detonation
characteristics appropriate for offshore structure removals. This would provide a firmer
foundation for a turtle “safety range.”

Marine Mammals

Only recently have experimental studies of explosive impacts on marine
mammals been conducted, using animal carcasses. For many years, the only data
available for predicting blast impacts on marine mammals were extrapolations from
experiments on terrestrial mammals submerged in ponds and opportunistic post-mortem
examinations of stranded animals following detonations.

There have been numerous attempts to model explosive impacts on marine
mammals. Most of the research has focused on larger explosions associated with military
testing such as ship shock trials. There also has been considerable research into sublethal
auditory effects such as TTS and permanent threshold shift (PTS), as well as behavioral
responses to underwater noise. Much of the behavioral research has focused on seismic
surveys using airguns rather than explosives. Both blast injury and auditory effects are
topics of ongoing investigations. Since existing marine mammal injury models are based
on old and very limited data, it is likely that these models will be refined or new ones
developed as more information becomes available.

For marine mammals as well as marine turtles, an important goal is calculating
the likely extent of mortality and injury zones so that this area can be monitored for the
presence of animals prior to detonations. Both the 1995 and 2002 regulations issued by
the NMFS for incidental take of bottlenose and spotted dolphins in the Gulf of Mexico
specified a “safety range” of 3,000 ft (914 m). This range for marine mammals is not
based on any independent observations or modeling, but is simply the same range used
for marine turtles under the “generic consultation” under Section 7 of the ESA.

Generic consultation experience (using the 3,000-ft [914-m] monitoring range)
suggests that it has been effective in preventing most deaths or serious injuries of marine
mammals. However, as noted previously for marine turtles, the basis for this specific
number is weak, as it was not developed specifically for marine mammals. As additional
data for blast injury in marine mammals become available and new or refined models are
developed, it is recommended that mortality/injury zones be calculated for marine
mammals using standard sound level metrics and incorporating detonation characteristics
appropriate for offshore structure removals. This would provide a firmer foundation for a
marine mammal “safety range.”
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Auditory effects such as TTS and PTS may occur beyond the “safety range”
monitored during structure removals. These effects are of particular concern for marine
mammals because of the regulatory implications of the MMPA, which prohibits
“harassment.” In various regulations for ship shock trial and seismic surveys,
NOAA-Fisheries ([NOAA-F]; previously NMFS) has accepted TTS as a criterion for
marine mammal harassment. This is an area of ongoing research in which criteria are
being developed and refined. The MMS should coordinate with NOAA-F to make use of
the most recent findings and criteria in evaluating auditory impacts on marine mammals.

Physics of Underwater Detonations

The understanding of the physical principles of underwater detonations and of the
propagation of shock and sonic waves in the surrounding medium is in itself quite well
developed. There are, however, significant gaps in the application of this knowledge to
actual removal of offshore structures. The containment effect provided by setting the
structure-cutting charges below a minimum prescribed depth of sediment has not been
documented for a comprehensive range of seafloor consistencies, with the result that the
extent of the transmission of explosive energy into the water column may be significantly
greater than expected. Much of what is known from experience regarding underwater
detonations within the seafloor comes from rock demolition blasting, which by its very
nature is performed in an altogether different medium from the relatively compliant upper
layers of sediment in which structure-cutting charges are deployed.

A systematic research effort should be undertaken to model numerically the blast
propagation for a range of charge sizes consistent with structure removal practices
through a wide variety of sediment types and for different deployment depths below the
sediment surface. Such modeling should extend to the transfer of energy into the water
column both from the shock wave propagating through the interface and later decaying
into an acoustic signal, and from the oscillating bubble of detonation gases when
breakout into the water does take place. Experimental validation of model results at
every possible opportunity should form an integral part of the study; this requires
accurate measurement of acoustic levels, and preferably full waveform recording, at one
or more locations in the water columns as well as characterization of the sediment
firmness near the structures being removed, which could be done by penetrometer
probing or similar techniques.

Once a reliable modeling approach has been generated and validated, forecasting
of the acoustic levels distribution for planned operations would become possible from the
type and location of the charge to be exploded, the depth of the water column, and the
measured properties of the sediment in which the detonation occurs. In combination with
improved estimation of impact thresholds based on appropriate and standardized sound
metrics for marine mammals and turtles, such a modeling-based assessment of each
planned decommissioning operation involving explosive removal of underwater
structures would provide the best ability to minimize its repercussions on marine life.
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ES-6 Conclusions

A series of conclusions were reached following compilation, review, analysis, and
summarization of data sources pertinent to the use of underwater explosives in platform
removal, the presence of sensitive marine resources and impacts associated with
underwater explosives use as applied to platform removal. Recognized data gaps and
recommendations for future research also were identified.

The most commonly used technique for explosive cutting of piles and conductors
is with bulk explosive charges. Other techniques such as ring charges, focusing charges,
linear shaped charges, and cutting tape are used in some instances. Increased use of
techniques that involve smaller charge sizes could reduce potential impacts on marine
life.

The physical principles of underwater detonations and of the propagation of shock
and sonic waves in the surrounding medium are well understood, but there are significant
gaps in applying this knowledge to actual removal of offshore structures. It is
recommended that a research effort be undertaken to model numerically blast
propagation for a range of charge sizes consistent with structure removal practices
through a variety of sediment types and for different deployment depths below the
sediment surface. Experimental validation of model results should form an integral part
of the study. Ultimately, forecasting of the acoustic levels distribution for planned
operations would become possible from the type and location of the charge to be
exploded, the depth of the water column, and the measured properties of the sediment in
which the detonation occurs.

Environmental data concerning platform removals serve two main purposes: 1) to
allow impacts to be estimated (e.g., numbers of animals that may be killed or injured
during structure removals); and 2) to aid in developing or refining mitigation measures
that prevent or reduce the likelihood of impacts. Impact estimation is the main goal with
respect to marine fishes, whereas for marine turtles and marine mammals, mitigation is
the main goal (i.e., predicting the areal extent of mortality and injury zones so that these
can be monitored prior to detonation to prevent impacts).

There are important differences among marine fishes, marine turtles, and marine
mammals with respect to the types and adequacy of data available. In general, marine
fishes are the best-studied group, and marine turtles the least studied. Effects of
underwater explosions on fishes have been studied and modeled extensively, and field
studies have quantified fish kills associated with structure removals in the Gulf of
Mexico. For marine turtles, there have been no laboratory studies of blast injury, only
limited field observations and experiments, and no mechanistic models developed
specifically to estimate impacts. For many years, the main data available for predicting
both blast and auditory impacts on marine mammals were extrapolations from terrestrial
mammal studies, but ongoing studies are underway that will aid in developing improved
mortality, injury, and auditory impact criteria.
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For predicting impacts on marine fishes, the empirical data from observations
during actual structure removals would seem to be more useful than any attempt to
calculate impacts based on experiments or mechanistic models. Since existing
observations cover a limited geographic and water depth range, additional observations
will be needed to better estimate future impacts.

Years of experience using the 3,000-ft (914-m) “safety range” monitored under
the “generic consultation” suggest it has been effective in preventing most deaths and
serious injuries of marine turtles and marine mammals. However, the empirical and
theoretical basis for this specific number is weak. It is recommended that
mortality/injury zones be calculated for marine turtles and marine mammals using
standard sound level metrics and incorporating detonation characteristics appropriate for
offshore structure removals. This would provide a firmer foundation for marine turtle
and marine mammal “safety ranges.”

In all three groups, there is relatively little information about sublethal impacts,
particularly on the auditory system. While mitigation measures appear to be effective in
preventing death or injury of mammals and turtles, it is uncertain to what extent sublethal
effects may be occurring beyond the safety range. Recent and ongoing studies may
provide the basis for estimating auditory impacts in marine mammals, which are
particularly important in the regulatory context of “harassment” under the MMPA. There
is almost no information to estimate auditory impacts on marine turtles.

The time interval between shots may be an important mitigation measure. The
amount of time for an animal to recover from a shock wave is unknown. Do closely
spaced shock waves, each of which is insufficient to cause damage, cause damage in a
proportion to the sum of the damage parameters or a sum of a time dependent percentage
of damage parameters? The effect of short time intervals between blasts such as those
used in Gulf of Mexico structure removals has not been addressed.

The Office of Naval Research (ONR) is conducting research on physical and
auditory effects of blast parameters on marine mammals and detection of marine
mammals with passive acoustic devices. Synergy between MMS and the ONR in these
areas of research would be fruitful. The Department of the Navy, Naval Surface Warfare
Center is measuring actual blast parameters in the sea and working on new and/or
revisions to blast propagation models. Synergy with this group would also be fruitful.

To date, mitigation and monitoring requirements for structure removals in the
Gulf of Mexico have focused on marine turtles, bottlenose dolphins, and spotted
dolphins. As structures are removed in greater water depths, many more species of
marine mammals are likely to be encountered, including one endangered species (sperm
whale) and other deep-diving species (such as beaked whales) that pose challenges for
detection. Passive acoustic monitoring could aid in the detection of sperm whales. Not
enough is known about the vocal behavior of beaked whales and some other species to
determine the probability of their being detected by passive acoustic monitoring.
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CHAPTER 2
INTRODUCTION

Nearly 4,000 oil and gas structures currently exist in Federal waters of the U.S.
outer continental shelf (OCS), with the vast majority present in the Gulf of Mexico. The
primary purpose of these structures (e.g., fixed platforms) is to develop and produce oil,
natural gas, and gas condensates from offshore hydrocarbon reservoirs. Once offshore
production from a producing field becomes uneconomic, the lease(s) may be terminated
by the operator. As one of the conditions allowing the Federal government to lease
offshore blocks to interested oil and gas operators, lease clearance requirements mandate
that operators (responsible for installation and operation of a platform) subsequently
remove the structure within a year of lease termination.

Platform removal typically involves the use of explosives to sever platform legs
several feet below the seafloor. A typical fixed platform and its primary components are
depicted in Figure 2.1. Historically, offshore development and production of oil and gas
reserves has occurred in shelf waters. Consequently, most platform removals conducted
to date have been located in shallower water depths (i.e., <200 m). Movement of
production platforms farther offshore, coupled with recent interest in deepwater
development, however, has raised the issue of future platform removal in deeper OCS
waters (e.g., over the continental slope). Further, the presence of listed (i.e., endangered
or threatened species listed or proposed for listing under the Endangered Species Act
[ESA]) and/or protected species (i.e., marine mammals protected under the Marine
Mammal Protection Act [MMPAY]) in marine waters, coupled with the mandate to
minimize or eliminate the potential for impact to these species, underscores the need to
fully understand the environmental impacts associated with explosive platform removal.

To properly assess the impacts associated with explosive platform removal, the
U.S. Department of the Interior, Minerals Management Service (MMS) requires access to
the best available information. Topics of interest in this regard include a thorough
characterization of explosive removal technologies and techniques, and the
environmental impacts resulting from these underwater demolitions. The focus of the
present study was to collect and synthesize existing information relevant to explosive
removal of offshore structures in aquatic environments. While the expected application
of this knowledge may include U.S. waters (e.g., Gulf of Mexico, California, Alaska
OCS), the scope of this effort is worldwide. Sensitive marine resources considered in this
analysis include marine fishes, marine turtles, and marine mammals.

2.1 MMS Mission and Regulations

The MMS is mandated by the OCS Lands Act, as amended, to manage the
development of OCS oil, gas, and mineral resources, while protecting the human, marine,
and coastal environments. While mineral resource exploration and development/
production on the OCS is typically represented by the use of mobile offshore drilling
units or the placement of fixed or floating platforms, the final stages of facility
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Figure 2.1. Profile diagram showing the major components of a representative fixed oil and gas
platform.
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decommissioning and lease abandonment frequently entail the removal of a platform that
has been fixed to the seafloor.

Regulations relevant to OCS oil and gas operations are codified in 30 Code of
Federal Regulations (CFR) Part 250. Table 2.1 summarizes those portions of the Federal
regulations that pertain to the decommissioning and removal of OCS oil and gas facilities
through 1995.

The Marine Board of the National Research Council (NRC) (NRC, 1996)
published an analysis of offshore structure removal techniques (“An Assessment of
Techniques for Removing Offshore Structures”™) in early 1996. In April 1996, MMS
convened the International Decommissioning Workshop in New Orleans, LA to discuss
the recommendations in the NRC report and current industry decommissioning practices.
On 8 August 1996, MMS published a notice (Federal Register 61:41,422) requesting
comments on plans to further refine previous workshop recommendations. Several other
public workshops also were held by MMS to solicit responses and recommendations
regarding decommissioning operations.

In May 2002, MMS issued a final rule (Federal Register 67(96):35,397-35,412)
amending its regulations governing oil and gas operations on the OCS to update
decommissioning requirements. The rule included requirements for plugging a well,
decommissioning a platform and pipeline, and clearing a lease site. MMS restructured
and updated the requirements to make the regulations more user-friendly and to reflect
changes in technology. Final technical changes implemented in July 2002 further ensure
that lessees and pipeline right-of-way holders conduct their decommissioning operations
safely and effectively. Specifically, 30 CFR 250 Subpart Q was implemented to
1) determine that decommissioning activities comply with regulatory requirements and
approvals and to 2) ensure that site clearance and platform (or pipeline removal) are
properly performed to protect marine life and the environment, and do not conflict with
other users of the OCS. Table 2.2 outlines the May 2002 major elements of the final rule
that are relevant to platform removal, as found in Section 250.1725-250.1730 of the final
rule. Table 2.3 summarizes revised reporting requirements effective July 2002.

MMS also coordinates with the National Oceanic and Atmospheric
Administration, Fisheries Division (NOAA-F; formerly the National Marine Fisheries
Service [NMFS]) in compliance with existing environmental laws — ESA for listed
species (i.e., all marine turtles, select marine mammals) and MMPA (protected marine
mammals).'

! For proposed activities that may affect the endangered West Indian manatee, MMS consults with the U.S.
Fish and Wildlife Service in a similar role. Because manatees are strictly inland waterway/near coastal
water inhabitants of the Gulf, it is extremely unlikely that they will be affected by explosive platform
removals on the OCS.
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Table 2.1

Summary of Minerals Management Service (MMS) Regulatory Requirements Relevant to the Decommissioning of Outer Continental
Shelf (OCS) Oil and Gas Facilities, as Codified in 30 CFR Part 250 (Adapted from: MMS and California State Lands Commission
1997)

Regulation Title and Relevant Requirements

Section
e All well sites shall be cleared in a manner so as to avoid conflict with other uses of the OCS.
Lessee shall not initiate abandonment activities without the prior approval of the MMS District Supervisor.
e Lessee must submit a request to abandon a well on Form MMS-124 (Sundry Notices and Reports on Wells)
to the MMS District Supervisor for approval; subsequently, a report outlining abandonment procedures must
be submitted to the MMS within 30 days of completion of the work.
e Form MMS-124 shall specify the date the work is to be performed, the extent of the area to be searched
around the location (e.g., well site), and the search methods used.
e All wellheads, casings, pilings, and other obstructions shall be removed to a depth of at least 15 ft below the
Permanent Abandonment mud line, or to a depth approved by the MMS District Supervisor.
of Wells e Lessee shall verify that the location has been cleared of all obstructions.
(250.110, 250.111, e The requirements for removing subsea wellheads or obstructions, or for verifying location clearance, may be
250.112, 250.114) reduced or eliminated if the MMS District Supervisor determines that the wellheads or other obstructions do

not constitute a hazard to other uses of the seafloor or other legitimate uses of the area.

e Lessee shall verify site clearance after abandonment by one or more of the following methods, as approved
by the MMS District Supervisor: 1) drag trawl in two directions across each location; 2) perform a diver
search around the wellbore; 3) scan across the location with a side-scan or on-bottom scanning sonar; or
4) use other methods based on particular site conditions.

e Lessee shall submit certification that the area was cleared of all obstructions, the date the work was
conducted, the extent of the area searched around the location (e.g., well site), and the search methods
utilized; lessee to use Form MMS-124,
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Table 2.1. Summary of Minerals Management Service (MMS) Regulatory Requirements Relevant to the Decommissioning of Outer
Continental Shelf (OCS) Oil and Gas Facilities, as Codified in 30 CFR Part 250 (Adapted from: MMS and California
State Lands Commission 1997) (continued).

Regulation Title and
Section

Relevant Requirements

Temporary Abandonment
of Wells
(250.113)

e Subsea wellheads, casing stubs, or other obstructions remaining after temporary abandonment above the
seafloor shall be protected in such a manner as to allow commercial fisheries gear to pass over the structure
without damage to the structure or the fishing gear.

e Depending upon water depth, the nature and height of the obstruction above the seafloor, and the types and
periods of fishing activity in the area, the MMS District Supervisor may waive this requirement.

e Lessee shall follow appropriate U.S. Coast Guard requirements in identifying and reporting subsea wellheads,
casing stubs, and other obstructions extending above the mud line.

Platform Removal and
Location Clearance
(250.143)

e Structures are to be removed in a manner approved by the MMS Regional Supervisor that ensures that the
location has been cleared of all obstructions to other activities in the area.

e All platforms (including casing, wellhead equipment, templates, and pilings) shall be removed to a depth of a
least 15 ft below the ocean floor, or to a depth approved by the MMS Regional Supervisor based upon the
type of structure or ocean bottom conditions.

o Lessee shall verify that the location has been cleared of all obstructions.

Results of a site-specific clearance survey shall be submitted to the MMS Regional Supervisor.

o A letter certifying that the area was cleared of all obstructions, the date the work was performed, the extent of

the area surveyed, and the survey methods used shall be submitted to the MMS Regional Supervisor.

Abandonment of
Pipelines
(250.156)

e A pipeline may be abandoned in place, if the MMS Regional Supervisor determines that it does not constitute
a hazard to navigation, commercial fishing operations, or unduly interfere with other OCS uses.

e Pipelines abandoned in place shall be flushed, filled with seawater, cut, and plugged; pipeline ends must be
buried at least 3 ft.
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Table 2.2

Summary of Pertinent Requirements for Platform and Other Facility Removal from the Outer Continental Shelf (OCS), Per Updated

Regulations (Adapted from: Federal Register 67(96):35,397-35,412)

30 CFR
Section

Title and Summary of Requirement(s)

250.1725

When do I have to remove platforms and other facilities?

An operator:

(a) Must remove all platforms and other facilities within 1 year after the lease or pipeline right-of-way terminates, unless
receiving approval to maintain the structure to conduct other activities. Platforms include production platforms, well
conductors, single-well caissons, and pipeline accessory platforms.

(b) Before removing a platform or other facility, must submit a final removal application to the Regional Supervisor for approval
and include the information listed in Sec. 250.1727.

(c) Must remove a platform or other facility according to the approved application.

(d) Must flush all production risers with seawater before removal,

(e) Must notify the Regional Supervisor at least 48 hours before beginning the removal operations.

250.1726

When must I submit an initial platform removal application, and what must it include?

An initial platform removal application is required only for leases in the Pacific OCS Region or the Alaska OCS Region. It must

include the following information:

(a) Platform or other facility removal procedures, including the types of vessels and equipment to be used;

(b) Facilities (including pipelines) to be removed or left in place;

(¢) Platform or other facility transportation and disposal plans;

(d) Plans to protect marine life and the environment during decommissioning operations, including a brief assessment of the
environmental impacts of the operations, and procedures and mitigation measures to be taken take to minimize the impacts;
and

(e) A projected decommissioning schedule.

250.1727

What information must I include in my final application to remove a platform or other facility?

Operators must submit a final application to remove a platform or other facility to the Regional Supervisor for approval. This
requirement applies to leases in all MMS Regions. If proposing use of explosives, operators are to provide three copies of the
application. If no explosives are proposed, only two copies of the application are to be provided. The following information is to
be included in the final removal application, as applicable:
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Table 2.2. Summary of Pertinent Requirements for Platform and Other Facility Removal from the Outer Continental Shelf (OCS), Per
Updated Regulations (Adapted from: Federal Register 67(96):35,397-35,412) (continued).

30 CFR

Section Title and Summary of Requirement(s)

(a) Identification of the applicant including:

(1) Lease operator/pipeline right-of-way holder;

(2) Address;

(3) Contact person and telephone number; and

(4) Shore base.
(b) Identification of the structure being removed including:

(1) Platform Name/MMS Complex ID Number;

(2) Location (lease/right-of-way, area, block, and block coordinates);

(3) Date installed (year);

(4) Proposed date of removal (month/year); and

(5) Water depth.
(c) Description of the structure being removed including:

(1) Configuration (attach a photograph or a diagram);

(2) Size;

(3) Number of legs/casings/pilings;

(4) Diameter and wall thickness of legs/casings/pilings;

(5) Whether piles are grouted inside or outside;

(6) Brief description of soil composition and condition;

(7) The sizes and weights of the conductor, topsides (by module), conductors, and pilings; and

(8) The maximum removal lift weight and estimated number of main lifts to remove the structure.
(d) A description, including anchor pattern, of the vessel(s) to be used to remove the structure.
(e) Identification of the purpose, including:

(1) Lease expiration/right-of-way relinquishment date; and

(2) Reason for removing the structure.
(f) A description of the removal method, including:

(1) A brief description of the method to be used;

(2) If explosives are to be used, the following:

(i) Type of explosives;
(i1)) Number and sizes of charges;
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Table 2.2. Summary of Pertinent Requirements for Platform and Other Facility Removal from the Outer Continental Shelf (OCS), Per

Updated Regulations (Adapted from: Federal Register 67(96):35,397-35,412) (continued).

30 CFR
Section

Title and Summary of Requirement(s)

(ii1) Whether single shot or multiple shots are to be employed;
(iv) If multiple shots, the sequence and timing of detonations;
(v) Whether bulk or shaped charges are to be used;
(vi) Depth of detonation below the mud line; and
(vii) Whether explosives are being placed inside or outside of the pilings;
(3) If divers or acoustic devices are to be used to conduct a pre-removal survey to detect the presence of turtles and marine
mammals, a description of the proposed detection method; and
(4) A statement whether or not the operator will use transducers to measure the pressure and impulse of the detonations.

(g) Operator plans for transportation and disposal (including as an artificial reef) or salvage of the removed platform.

(h) If available, the results of any recent biological surveys conducted in the vicinity of the structure and recent observations of
turtles or marine mammals at the structure site.

(1) Operator plans to protect archaeological and sensitive biological features during removal operations, including a brief
assessment of the environmental impacts of the removal operations and procedures and mitigation measures to be taken to
minimize such impacts.

(j) A statement whether or not the operator will use divers to survey the area after removal to determine any effects on marine
life.

250.1728

To what depth must I remove a platform or other facility?
(a) Unless the Regional Supervisor approves an alternate depth under paragraph (b) of this section, operators must remove all
platforms and other facilities (including templates and pilings) to at least 15 ft below the mud line.
(b) The Regional Supervisor may approve an alternate removal depth if:
(1) The remaining structure would not become an obstruction to other users of the seafloor or area, and geotechnical and other
information you provide demonstrates that erosional processes capable of exposing the obstructions are not expected; or
(2) The operator determines, and MMS concurs, that divers must be used and the seafloor sediment stability poses safety
concerns; or
(3) The water depth is greater than 800 m (2,624 ft).
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Table 2.2. Summary of Pertinent Requirements for Platform and Other Facility Removal from the Outer Continental Shelf (OCS), Per
Updated Regulations (Adapted from: Federal Register 67(96):35,397-35,412) (continued).

?é(;gf)ﬁ Title and Summary of Requirement(s)
250.1729 | After I remove a platform or other facility, what information must I submit?
Within 30 days after an operator removes a platform or other facility, the operator must submit a written report to the Regional
Supervisor that includes the following:
(a) A summary of the removal operation including the date it was completed;
(b) A description of any mitigation measures taken; and
(c) A statement signed by the operator’s authorized representative that certifies that the types and amount of explosives used in
removing the platform or other facility were consistent with those set forth in the approved removal application.
250.1730 | When might MMS approve partial structure removal or toppling in place?

The Regional Supervisor may grant a departure from the requirement to remove a platform or other facility by approving partial

structure removal or toppling in place for conversion to an artificial reef or other use if the following conditions are met:

(a) The structure becomes part of a State artificial reef program, and the responsible State agency acquires a permit from the U.S.
Army Corps of Engineers and accepts title and liability for the structure; and

(b) The operator satisfies any U.S. Coast Guard (USCG) navigational requirements for the structure.
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Table 2.3

Summary of Reporting Requirements, Per Updated Decommissioning Regulations
(From: Federal Register 67(96):35,397-35,412)

Citation . .
(30 CFR 250 subpart Q) Reporting Requirement
1703; 1704.... Request approval for decommissioning.

1704(f); 1712; 1716;
1717;

1721(a), (1), (8);
1722(a),(b), (d); 1723(b);
1743(a)

Submit form MMS-124 to plug wells; provide subsequent report;
request alternate depth departure; request procedure to protect
obstructions above seafloor; report results of trawling; certify area
cleared of obstructions; remove casing stub or mud line suspension
equipment and subsea protective covering; or other departures.

1713 (Final New)...........

Notify MMS 48 hours before beginning operations to permanently
plug a well.

1721(e); 1722(¢), (h)(1);
1741(c).

Identify and report subsea wellheads, casing stubs, or other
obstructions; mark wells protected by a dome; mark location to be
cleared as navigation hazard.

1722(c), (g)(2) (Final
New)...

Notify MMS within 5 days if trawl does not pass over protective
device or causes damages to it; or if inspection reveals casing stub or
mud line suspension is no longer protected.

1722(5), (2)(3)-wrrrrrrrreee

Submit annual report (75 copies) on plans for re-entry to complete or
permanently abandon the well and inspection report.

1722(h) (Final

Request waiver of trawling test.

1704(a); 1726 (Proposed
New)...

Submit initial decommissioning application in Pacific OCS and
Alaska OCS Regions.

1704(b); 1725; 1727,
1728;
1730.

Submit final application to remove platform or other subsea facility
structures (including alternate depth departure) or approval to
maintain, to conduct other operations, or to convert to artificial reef.

1725(e) (Final New).........

Notify MMS 48 hours before beginning removal of platform and
other facilities.

1704(c); 1729 (Final

Submit post platform or other facility removal report.

1740(b)(5), (¢)(3);
1740(g)(1); 1743(b)

Request approval of well site, platform, or other facility clearance
method; including contacting pipeline owner or operator.

RZEI0)

Verify permanently plugged well, platform, or other facility removal
site cleared of obstructions and submit certification letter.

1704(d); 1751;

Submit application to decommission pipeline in place or remove
pipeline.

1753 (Final New).............

Submit post-pipeline decommissioning report.

1700 through 1754...........

General departure and alternative compliance requests not
specifically covered elsewhere in subpart Q regulations.
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2.1.1 ESA Consultation and Related Requirements

MMS complies with the Section 7 provisions of the ESA through consultation to
minimize potential impacts to listed species. All sea turtle species occurring in offshore
waters of the Gulf of Mexico are protected under the ESA.

In 1988, the NMFS issued a “generic consultation” covering structure removal
activities on the Gulf of Mexico continental shelf (NMFS 1988), following completion of
an MMS programmatic environmental assessment that evaluated structure removal
activities (MMS 1987). The generic consultation specified mitigation and monitoring
requirements to prevent death or injury of sea turtles.

In order for a platform removal proposal using explosive technology to be
considered under the generic consultation, it must conform to the following
specifications:

1) Each explosive charge must be 50 Ib or less;

2) Detonations must be limited to groups of eight or less with a minimum of
0.9 sec between detonations;

3) High velocity explosives must be used with a detonation rate of 7,600 m/sec
or greater; and

4) Charges must be placed a minimum of 5 m (15 ft) below the mud line.

The NOAA-F requires the following mitigation measures under the generic consultation:

1) Qualified observers must monitor the area around the site prior to, during, and
after detonation of charges. This observer coverage must begin 48 hours prior
to the detonation of charges, and if sea turtles are thought to be resident in the
area, pre- and post-detonation diver surveys must be performed;

2) A 30-minute aerial survey must be performed within 1 hour before and 1 hour
after each blasting sequence;

3) If sea turtles or marine mammals are observed within 914 m (1,000 yd) of the
structure, detonation will be delayed until such creatures are beyond the 914 m
(1,000 yd) range, and the aerial survey repeated;

4) Detonation of explosives will occur no sooner than 1 hour after sunrise and no
later than 1 hour prior to sunset;

5) During all diving operations, divers must look for sea turtles and marine
mammals. All sightings must be reported; and

6) Use of “scare charges” or explosive devices to frighten marine mammals out
of the blasting area is discouraged, and may be used only after obtaining
special permission.

Several listed marine mammal species may occur in the Gulf of Mexico (see
Section 5.3), the most common of which is the endangered sperm whale, a species that
prefers the deeper waters (>200 m) of the Gulf. All endangered or threatened marine
mammals are unlikely to be affected by platform removals on the Gulf of Mexico
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continental shelf because no listed species are commonly found there. Therefore, no
marine mammals are included in the ESA “generic consultation” (NMFS 1988). Future
structure removals in deepwater, however, may affect the endangered sperm whale and
would require additional consultation between MMS and NOAA-F under Section 7 of the
ESA. The MMS is preparing a biological assessment for the ESA consultation to address
the explosive removal of oil and gas structures at all water depths. The threatened and
endangered species expected to be addressed during the ESA consultation will be sea
turtles and the sperm whale.

MMS has also implemented region-specific restrictions on explosive platform
removal activities. For example, the Gulf of Mexico OCS Region has implemented
Notice to Lessees and Operators (NTL) No. 2001-G08. This NTL places restrictions on
explosive platform removals, requiring operators to monitor for the presence of sea
turtles or marine mammals and to conduct explosive operations in a manner that will
minimize the likelihood of harm to these individuals. Further, NTL 2001-GO08 also
requires that the MMS must initiate a new ESA Section 7 consultation with the NMFS
for the following types of explosive structure removal method applications:

1) An application proposing an explosive structure removal operation that does
not comply with the criteria and terms and conditions of the ESA Section 7
“generic consultation” noted above; and

2) An application proposing an explosive removal operation in water depths
200 m (656 ft) or greater. The Gulf of Mexico OCS Region has determined
that explosive removals in these areas “may affect” sperm whales, an
endangered species.

2.1.2 MMPA Concerns

Killing or injuring any marine mammal is considered to be “take” and is
prohibited under the MMPA. The unintentional taking of a protected marine mammal,
termed incidental take, may be approved by NOAA-F if such take is determined to
produce only a negligible impact to a species stock or habitat. In practice,
MMPA-related efforts have focused on bottlenose dolphins and spotted dolphins, which
are by far the most common marine mammals on the Gulf of Mexico continental shelf.

In 1995, NMFS established appropriate structure removal criteria (i.e., maximum
charge size, monitoring and reporting requirements) for waters of the Gulf of Mexico
(Federal Register 60(197):53,139-53,147). These criteria took into account the potential
for the incidental take of several protected marine mammal species, specifically outlining
regulations authorizing and governing the taking of bottlenose and spotted dolphins
incidental to the removal of oil and gas drilling and production structures in state and
OCS waters of the Gulf. The incidental taking of small numbers of marine mammals
may be authorized under the MMPA if certain findings are made and regulations are
issued that include requirements for monitoring and reporting. As noted by NMFS, these
regulations authorized the unintentional incidental take of marine mammals in connection
with such activities over a 5-year period (1995-2000) and prescribed methods of taking
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and other means of effecting the least practicable adverse impact on the species and its
habitat. On 13 November 2000, these regulations expired and NMFS could no longer
issue authorization (i.e., Letters of Authorization [LOAs]) for structure removal activities
in the Gulf of Mexico.

At the request of the oil and gas industry, NMFS established new criteria in 2002
relevant to structure removal in the Gulf of Mexico. The 2002 criteria were established
as an interim policy statement (Federal Register 67(148):49,869-49,875) to provide the
industry with protection from incidental take liability under the MMPA, given that the
1995 requirements had expired. The current criteria are effective only for the period
1 August 2002 through 2 February 2004.

The incidental take regulations issued by NMFS in 1995 and 2002 cover only
bottlenose and spotted dolphins. These regulations, which include mitigation and
monitoring requirements, will expire in February 2004. The MMS has committed to
petition NOAA-F for new regulations and incidental take authorization as part of their
approval process to allow future removal of offshore structures in the Gulf of Mexico.
For all dismantling operations requiring the use of explosives that do not meet the
existing requirements, NOAA-F requires that applications for approval must be initiated
on a case-by-case basis.

2.2 Study Purpose and Objectives

The purpose of the investigation was to collect and synthesize information on
explosive removals of offshore structures in aquatic environments. This information is
needed by MMS to assist in their review, monitoring, and evaluation of impacts
associated with explosive platform removal.

The primary study objectives were to:

1) provide a summary of available information by topic;

2) identify information and data gaps that could be filled by subsequent research
activities; and

3) recommend areas of research to meet MMS information needs.

Deliverables prepared under this contract include a unified electronic
bibliography (a hard copy version is included with this report as the Appendix), a list of
data and other sources, and this synthesis report summarizing the scope, coverage, and
quality of the materials found.

2.3  Project Team

To address the study objectives, specialized technical expertise was incorporated
into the project team, with several key individuals designated as Principal Investigators
(PIs). A listing of key project personnel and their respective area(s) of expertise and
affiliations follows:
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e Continental Shelf Associates, Inc. (CSA) (Jupiter, FL) — prime contractor
a Stephen T. Viada — Program Manager; PI, Marine Turtles

David B. Snyder — PI, Marine Fishes

M. John Thompson — PI, Platform Removal Techniques

Neal W. Phillips — Environmental Impacts of Explosives

Brian J. Balcom — Editor

0O 00D0

e LGL Ltd. (King City, Ontario, Canada) — subcontractor
0 Denis Thomson — PI, Marine Mammals
o W. John Richardson — Marine Mammals

e JASCO Research Ltd. (Victoria, British Columbia, Canada) — subcontractor
o Roberto Racca — PI, Underwater Explosives and Platform Removal
a David Hannay — Underwater Explosives and Platform Removal

Technical review regarding underwater explosives was also provided by William
Poe of Explosive Service International, Ltd., Baton Rouge, LA. A Quality Review Board
(QRB) also was formed to provide expert review and comment on the draft version of the
information synthesis report. The QRB consisted of Charles Greene (Greeneridge
Sciences, Santa Barbara, CA) and Greg Gitschlag (NMFS, Galveston, TX).

24 Study Methods and Report Organization

The study effort was divided into two separate tasks, as detailed below.
Recognizing that the primary purpose of the study effort was to identify and review
salient data sources for each topic area, pertinent references were used to 1) develop the
Information Synthesis Report and 2) create a separate electronic database.

2.4.1 Task 1 - Information Search/Collection and Data Management

The PIs were used as resources to identify and judge the completeness of the
database in each subject area. The goal of the information collection plan was to supply
published and unpublished literature to each PI according to their individual needs and to
compile a computerized bibliographic database. Information gathered included pertinent
data sources in the following topics:

Explosive Removal Methods;
Physics of Underwater Explosions;
Biological Resources;

Impacts to Biological Resources; and
Mitigation and Monitoring of Effects

For each reference incorporated into the bibliographic database, the following
information was provided:
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Author;

Date;

Article or Chapter Title;

Journal/book/volume information or location, if unpublished;

Pages;

Publisher;

Geographic location covered, such as ecosystem, habitat, latitude/longitude;
Key words and discipline; and

Format/media (e.g., paper, magnetic disks or tapes), if data.

Unpublished data and ongoing research studies have been included as references
in the database. The format for these references within the database includes the

following:

Data type;

Data source and/or location;

Collection location;

Sampling period;

Sampling frequency;

Number of stations;

Data availability (proprietary or non-proprietary);
Key words;

Accession number;

Collector or research/institution; and
Format/media (e.g., paper, magnetic disks or tapes), if data.

The information collection process represented a compilation of existing data
from the CSA in-house database and library, from personal libraries of each PI, and from
computer searches of online databases. The following journals were reviewed and
organizations contacted:

Acoustical Society of America;
Journal of Geophysical Research;
Geophysics;

Journal of Computational Acoustics;
NMES; and

Canadian Acoustical Association.

All data sources were organized within a preliminary electronic bibliographic database.

A large fraction of the literature dealing with sound and blast energy from
underwater explosive detonations is not available in open publication. One of the
project’s subcontractors (JASCO) has participated in numerous studies that have resulted
in reports and publications that would normally be difficult to obtain. JASCO maintains
a large internal library of publications related to underwater blasts and underwater
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acoustics in general, including reports produced for or by the following members of
government agencies, academia, and the private sector:

U.S. Army Corps of Engineers;

National Defence Headquarters Canada;

Defence Research Establishment Pacific Canada;

Defence Research Establishment Atlantic Canada,;

Naval Surface Warfare Center (San Diego, CA);

Institute of Ocean Science (British Columbia, Canada); and
Private petroleum companies.

JASCO also requested literature from a series of associates in government
laboratories and universities with expertise in the fields of underwater acoustics, marine
geophysics, and blast physics.

LGL Ltd. has an extensive library with relevance to impacts of underwater
explosions on marine life. Most of the material is in the form of reports and gray
literature, with only limited amounts of material in the published literature. Sources
included the following:

e Reports produced by the Naval Surface Weapons Center, Dahlgren, Silver
Spring, Cardrock, and Indian Head and the Lovelace Foundation
(Albuquerque, NM). These include the results of experiments on terrestrial
mammals and modeling done for various ship shock trials and other
underwater explosions done by the U.S. Navy;

e Reports and guidelines for the use of explosives, including jetted charges by
Fisheries and Oceans Canada;

e Regulations pertaining to underwater explosions published in the CFR; and

e Reports produced by the U.S. Army Corps of Engineers.

Online databases were searched using the DIALOG Information Retrieval
Service. These database searches, conducted by Harbor Branch Oceanographic
Institution, were completed for each specific topic area — explosive removal methods,
physics of underwater explosions, biological resources, and impacts to biological
resources. Databases searched included the following:

Aquatic Science and Fisheries Abstracts;
BIOSIS Previews (Biological Abstracts);

CA Search (Chemical Abstracts);

CENDATA;

Conference Papers Index;

Dissertation Abstracts;

Energy Science and Technology;

GEOREF (American Geological Institute);

Life Sciences Collection;

Meteorological and Geoastrophysical Abstracts;
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National Technical Information Service (NTIS);
Oceanic Abstracts;

Scisearch Database (Science Citation Index); and
Zoological Record.

These data were incorporated into the preliminary bibliography database in an
electronic and searchable format.? The preliminary bibliography was reviewed for
completeness by the PIs. Additional citations and abstracts were identified and
incorporated into the bibliography. In addition, supplemental information sources were
identified through contacts with various agencies, organizations, and individuals. This
revised bibliographic database was used in completion of the second task — the
preparation of the Information Synthesis Report.

2.4.2 Task 2 - Information Synthesis Report

This Information Synthesis Report comprises nine separate and inter-related
chapters. Chapter 1 (Executive Summary) provides an overview of the synthesis report —
major findings, identified data gaps, and recommendations for future research — dealing
with the explosive removal of offshore platforms and their effects on sensitive resources.
Chapter 2 (Introduction) outlines the major objectives of the study effort, identifies the
project team, outlines MMS mandate and regulatory requirements associated with OCS
structure removal, summarizes the tasks completed, and outlines the organization of the
synthesis report. Chapter 3 (Decommissioning and Explosive Removal Methods)
provides a description of explosive structure removal methods, including methods that
are presently in service and methods currently under design. Chapter 4 (Physics of
Underwater Explosions) provides a detailed and technical description of the physics of
underwater explosions, including shock wave and acoustic properties of explosive
removals, and parameters that affect shock wave propagation and intensity. Chapter 5
(Affected Environment) provides individual summaries of marine fishes, marine turtles,
and marine mammals, describing an overview of these biological resources. Chapter 6
(Environmental Consequences) provides a synthesis of environmental effects to each of
the sensitive resources from explosive structure removals, based upon available literature
and data. Chapter 7 (Mitigation and Monitoring) discusses mitigation and monitoring
methods presently in use and proposed methods. Chapter 8 (Discussion and
Recommendations) outlines a proposed impact matrix (i.e., threshold distances from an
explosive source that, based on an analysis of available data, correspond to lethal,
sublethal physiological, and sublethal behavioral impacts to marine fishes, marine turtles,
and marine mammals), identifies alternative actions, summarizes identified data gaps,
and provides summary recommendations for future research to address MMS needs.
Chapter 9 provides a conclusion to the synthesis report.

% i.e., ProCite. ProCite incorporates results from tagged DIALOG searches directly into a bibliographic
database. For the final report, the ProCite bibliographic database was exported into Microsoft Access
2000. The Microsoft Access 2000 database is provided as the Appendix to this report.
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CHAPTER 3
DECOMMISSIONING AND EXPLOSIVE REMOVAL METHODS

3.1 Background

To remove a fixed platform, the installation steps are essentially reversed.
Topside equipment such as living quarters, generators, and processing equipment is taken
off by crane and returned to shore for scrap or to be reused (see Figure 2.1). The deck
sections are then lifted from the platform and placed on cargo barges for transportation to
their disposal site. Conductors, flare piles, submerged wells, and caissons also are
structures subject to explosive removal (see Chapter 6). MMS regulations require that
the piles and well conductors be severed at least 5 m (15 ft) below the mud line and
removed. Once the piles and conductors are disconnected from the seabed, they are lifted
out and placed on a cargo barge for ultimate disposal.

Pilings and conductors can be cut by a number of mechanical means, including

e use of tungsten-carbide blade cutters contained in routine rig workover
equipment;

e use of diamond wire and hydraulic shear cutters deployed by remotely
operated vehicles (ROVs); and

e manually by divers through the use of mechanical or abrasive cutting
techniques.

The safest and easiest cutting procedure is to place an explosive charge inside the piling
at the desired depth and sever the piling explosively.

Underwater cutting of piles and conductors is a slow and hazardous process
requiring extensive dive time and considerable risk to divers. Mechanical cutting also is
not as reliable as explosive cutting, and the risk of failure is considerably higher than that
associated with explosive techniques (Kaiser et al. 2002).

An Environmental Assessment (EA), prepared pursuant to National
Environmental Policy Act (NEPA) of 1969 (42 U.S.C. 4321-4347) guidelines, as
amended, is conducted for each platform removal application received by the MMS. In
1987, a programmatic EA was prepared by the MMS to assess the entire spectrum of
potential environmental impacts associated with platform removal (MMS 1987). A
site-specific EA is prepared for each individual platform removal proposal, with tiering
off of the programmatic EA and containing site-specific environmental details from the
specific site, and operational procedures for a specific platform removal effort
(Richardson 1989). MMS is presently preparing an updated programmatic EA to
consider explosive removal operations in all water depths. If explosives are used to cut
the pilings and conductors during platform removal, there is the potential that sea turtles
or other endangered or protected species (i.e., marine mammals) in the area could be
harmed, as detailed previously in Chapter 2.
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3.2 Presently Employed Explosive Cutting Techniques
3.2.1 Bulk Explosive Charges

The most commonly used technique for explosive cutting of piles and conductors
is with bulk explosives such as C-4 or Comp B (Figure 3.1). These explosives are
castable and moldable, have a high velocity on detonation, and a high shattering power.
They are not as dangerous to handle as some other types of high explosives, and they can
be molded in the field to specifically required sizes and shapes. This moldability
characteristic is an important advantage explosive techniques have over conventional
cutting techniques. During platform construction, piles are welded together with steel
guides, called “stabbing guides,” on the inside bottom of each pile section to facilitate
mating with the next section. This reduces the inside diameter of the pile both above and
below the weld. These inside pile diameter reductions are critical when using
conventional cutting techniques where equipment must be lowered down the pile and
then retrieved after the cut is made. When using bulk explosives, these variations in pile
diameter are a relatively minor inconvenience. Bulk charges can be sized to sever a pile
in the field and do not have to be retrieved. Bulk charges also can be re-shaped in the
field when discrepancies between the “planned” and the “as built” diameters of piles or
well strings are encountered. This flexibility is important because it allows jobs to
proceed with relatively little delay.

Bulk charges are lowered into prepared pilings or well conductors and detonated
nearly simultaneously with a 0.9-sec delay in groups of eight or less (Figure 3.2). After
an eight charge detonation sequence, there is a pause. While there is no legal or
permit-associated required length for this pause, contractors will usually pause 2 to
3 minutes before the next detonation sequence is initiated (W. Poe 2003, pers. comm.).
On a normal platform, all piles and wells can be severed within an hour or two, including
the time required for loading the charges and conducting the NOAA-F required aerial
surveys for sea turtles and marine mammals.

Bulk explosives have a 95% success rate when sized properly. Increased water
depth has no adverse impact on the success rate of bulk explosive cuts. If a bulk
explosive does not sever a piling or well string on the first detonation, a back-up charge
can be sized and deployed quickly. After more than a quarter century of use and
hundreds of thousands of worker-hours, no serious injuries have been reported for
handling or using bulk explosives in platform removal (NRC 1996).

3.2.2 Configured Bulk Charges
Configured bulk charges such as “ring charges” and “focusing” charges are
designed to collide or “focus” the detonation front to concentrate more energy along the

fracture line, and thus reduce the size of the charge needed to cut a piling. These types of
charges have been effective in reducing “belling” or bulging out of the severed piling.
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Figure 3.2. Bulk charge arrangement for larger diameters (From: DEMEX 2002).
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Ring Charges

Ring charges (Figure 3.3) are made from the same material as bulk charges,
primarily C-4 or Comp B formed into doughnut-shaped rings, which are lowered into the
piling. These rings concentrate the explosive closer to the inside of the piling’s walls,
making it more effective. Ring charges can reduce the total weight of charges required to
sever a specific piling by approximately 10% to 15% (NRC 1996).

Focusing Charges

Focusing charges (Figure 3.4) consist of explosives sandwiched between two
“tamping” plates, one above and one below. These tamping plates have the effect of
delivering more of the explosive’s power horizontally to the piling walls and thus
allowing the use of smaller charges. Reductions in explosive weight with focusing plates
are comparable to reductions in weights associated with ring charges.

The drawback with both ring and focusing charge arrangements is that both must
be prefabricated and sized to fit each application. Generally, there is some size variation
built into each configuration, which will allow for minor variations of inside pile
diameters or obstructions. Configured charges cannot be used to sever wells because the
diameter of the inner casing is too small to accommodate the charge (NRC 1996).

3.2.3 Cutting Charges

Cutting charges include linear-shaped charges and “cutting tape.” Each of these
is discussed in greater detail below.

Linear-Shaped Charges

Linear-shaped charges use high-velocity explosive energy to accelerate a
v-shaped band of cutting material, usually copper, in a high velocity jet that penetrates
through the steel of the piling. Linear-shaped charges can be used in specifically
manufactured containers that fit around the outside of the piling to cut pilings from the
outside (Figure 3.5). Linear-shaped charges can also be positioned on the inside of
platform legs using a running tool or articulated device for positioning the charge
(Figure 3.6).

The performance of linear-shaped charges depends on the presence of an air space
between the charge and the target. This required “stand-off” distance is a function of the
thickness of the material to be cut. When accurately positioned to a precisely calculated

stand-off distance between charge and target, linear-shaped charges yield very smooth
cuts (NRC 1996).

Linear-shaped charges require long lead times to fabricate and accurate
engineering data on the piling or caisson to be cut. If the thickness of a pile section is
unknown (not unusual in older oil field structures), or if the pile is out of round,
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Figure 3.4. Focusing charge (From: DEMEX 2002).
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Figure 3.5. External linear-shaped charge (From: DEMEX 2002).
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linear-shaped charges will not produce clean cuts. If linear-shaped charges are placed on
the outside of a piling, any attenuation in the explosive force offered by the soil is lost.
To be used on the inside of a piling, linear-shaped charges must be articulated to pass by
the stabbing guides, and if a stabbing guide is located at the elevation of the proposed cut,
a clean cut cannot be obtained. Also, if water or soil infiltrates the air space of the
stand-off distance, charge performance is greatly reduced.

Cutting Tape

Explosive cutting tape is a flexible version of the linear-shaped charge
(Figure 3.7). The explosive and the liner are extruded into a shaped charge housed in a
flexible conductor that allows the tape to be contoured to the pile, thus maintaining the
proper stand-off distance around the entire pile.

The disadvantages of cutting tape are two-fold:

1) Divers are required to place the tape around the target pile; and

2) Because the charge and liner are positioned in the conductor at the surface,
at depths greater than 91 m (300 ft), ambient pressure may cause the
conductor to deform, thus changing the stand-off distance and reducing
the charge cutting efficiency.

At this point in time, cutting tape is not as efficient as linear-shaped charges for
platform removal, especially at depths greater than 91 m (300 ft) (NRC 1996).

33 Potential Future Explosive Cutting Techniques
3.3.1 Contact Plaster Charges

Contact plaster charges are placed directly on the steel pile to be cut. The
explosion causes a pressure wave to propagate through the pile thickness, and spalls or
fragments some of the steel on the opposite side of the pile when it is reflected as a
tensile wave. Pressure from the expanding gas completes the cut. This type of charge
would reduce the charge weight but would have to be deployed in a cutting tape form by
a diver. Shock refraction charges are the same size as plaster charges but are shaped like
a shaped charge in cutting tape form. With shock refraction charges, compressibility is
not a factor because the explosive is placed directly against the steel piling. There is no
stand-off distance requirement because the pressure wave does the cutting. Diver
placement is still required.

3.3.2 Shock-Wave Focusing Charges
Shock-wave focusing charges (Figure 3.8) are hollow charges flexible enough to
be wrapped around tubular platform members internally or externally. These charges

focus the energy of the shock-wave through a steel piling, and by exerting very high
compressive/tensile stresses on the target area, initiate controlled brittle fracturing.
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Figure 3.7. Flexible linear-shaped charge (From: DEMEX 2002).
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R = Reflected shock from back surface
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Figure 3.8. Shock-wave focusing charge (From: National Research Council 1996).
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Shock-wave focusing can reduce the explosive weight of a cutting charge by up to
90% when compared with standard shaped charges. Shock-wave focusing charges are
particularly effective for targets with thicker walls, but to be effective, they require that
the opposite surface be backed by either water or air. Grout-backed surfaces are not
effectively severed by shock-wave focusing methods.

3.3.3 Radial Hollow Charges

Radial hollow charges (Figure 3.9) are short, linear-shaped charges bent into an
arc with the explosives initiated simultaneously at the central axis. The detonation front
runs radially outward, detonating the explosive simultaneously on both sides of an
inverted v-shaped liner. The liner collapses, producing a flowing radial cutting jet.
Because of this diverging flow, a relatively long cut can be produced in a flat or curved
steel plate. By joining a number of these types of charges together, it is possible to cut
along plates and around pipes using relatively low explosive weights (Figure 3.10).

3.4  Characteristics and Physical Properties of Various Explosives

There are hundreds of commercially available explosives and many variations in
the chemical mixtures of particular types of explosives. Table 3.1 lists the physical
properties of some of the more commonly used explosives. The physics of explosives are
discussed in detail in the following chapter (Chapter 4).

3.5 Developing Technologies

Developing technologies within the industry include both modifications to
explosives and improved mitigation methods. Explosives and explosive devices evolve
based on market needs and regulatory requirements. Several potential improvements in
explosives and explosive devices are listed below.

3.5.1 Improved Explosives

Manufactures are continually developing new and improved explosives.
Applying these new types of explosives to the offshore industry may be one way to
reduce charge size and minimize environmental impacts in the future. At the present
time many new explosive compounds are manufactured in such small quantities that their
large-scale use is cost prohibitive.

3.5.2 Improved Shaped Charges

Several design improvements in shape charges are in the testing phase. Currently
a 5-lb charge limit would be limited to severing a tubular 36 inches or less in diameter.
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Figure 3.9. Schematic of a radial hollow charge (From: National Research Council 1996).
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Figure 3.10. Radial hollow charges arranged for cutting a leg from outside (From: National Research Council 1996).
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Table 3.1

Physical Properties of Some of the More Commonly Used Explosives (From: DEMEX 2002)

Velocity Shattering Water Specific Weight
Explosive Principal Use(s) Density Effect . Energy Strength
m/sec | ftsec (TNT=1.0) | Resistance | is/ke) %

Black Powder
Black Powder | Propellant 400 | 1,320 | 1.6 0.1 Poor | - -
Primary Initiating Explosives
Lead Azide Detonator Primer 5,300 17,400 5 0.39 Fair 466 39
Diazodini — Detonator Primer 6,600 | 21,700 1.63 0.92 Fair 76
trophenol
(DDNP)
Lead Styphnate Detonator Primer 5,200 | 17,000 2.9 0.4 Fair 470 40
Secondary High Explosives
Pentaeythritol Shape Charges 8,400 | 27,600 1.7 1.73 Good 675 96
tetranitrate Detonating Cord
(PETN) Metal Severance
Cyclonite Demolition Charge 8,750 | 28,700 1.76 1.57 Good 675 93
(RDX) Shape Charges

Detonating Cord

Metal Severance
Homocyclonite Demolition Charge 9,100 | 29,800 1.91 1.45 Good 664 93
(HMX) Shape Charges

Metal Severance
Trinitrotoluene Demolition Charge 6,900 | 22,600 1.65 1 Good 488 74
(TNT) Shape Charges

Cratering and Rock

Removal
Detonating Cord
Metal Severance
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Table 3.1. Physical Properties of Some of the More Commonly Used Explosives (From: DEMEX 2002) (continued).

Velocity Shattering Water Specific Weight
Explosive Principal Use(s) Density Effect . Energy Strength
m/sec | ftsec (TNT=1.0) | Resistance | is/ke) %
Ammonium Demolition Charge 7,150 | 23,500 1.6 1.25 Poor 321 70
Picrate Shape Charges
(Explosive D) Metal Severance
Nitroglycerin Demolition Charge 7,600 | 25,000 1.81 1.81 Fair 720 96
(NG) Cratering and Rock
Removal
Propellant
Metal Severance
Nitroglycol Demolition Charge 7,300 | 24,000 1.48 2.06 Fair 780 105
(NGO) Cratering and Rock
Removal
Propellant
Metal Severance
Nitromethane Demolition Charge 6,290 | 20,700 1.14 1.33 Fair 533 86
(NM) Propellant
Metal Severance
Tertiary High Explosives
Ammonium Cratering and Rock 2,800 9,200 1.13 0.6 Poor 280 52
Nitrate Removal
High Explosive Compositions
Composition B Demolition Charge 7,840 | 25,700 1.68 1.3 Good - -
Shape Charge
Metal Severance
Composition Demolition Charge 8,040 | 26,400 1.59 1.32 Good - -
C+4 Shape Charge
Metal Severance
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Table 3.1. Physical Properties of Some of the More Commonly Used Explosives (From: DEMEX 2002) (continued).

Velocity Shattering Water Specific Weight
Explosive Principal Use(s) Density Effect . Energy Strength
m/sec | ftsec (TNT=1.0) | Resistance | is/ke) %
Cyclotol 70/30 Demolition Charge 8,060 | 26,450 1.73 1.31 Good - -
Shape Charge
Metal Severance
Octol 75/25 Demolition Charge 8,643 | 28,350 1.81 1.16 Good 503 -
Shape Charge
Metal Severance
Plastic Bonded Demolition Charge 8,800 | 28,900 1.86 1.37 Good - -
(PBX9404) Shape Charge
Metal Severance
Pentolite 50/50 Demolition Charge 7,465 | 24,500 1.66 1.22 Good 588 -
Shape Charge
Metal Severance
Detasheet Demolition Charge 7,300 | 24,000 1.62 1.12 Good 495 -
Metal Severance
Torpex Demolition Charge 7,500 | 24,600 1.81 1.64 Good 867 -
(Aluminized Shape Charge
Explosive) Metal Severance
Blasting Gelatin | Demolition Charge 7,300 | 24,000 1.5 1.91 Fair 740 100
Shape Charge
Metal Severance
HTA-3 Demolition Charge 7,870 | 25,800 1.9 1.19 Good 573 -
Aluminized Shape Charge
Explosive Metal Severance
Commercial Dynamites
40% NG Cratering and Rock - - - - Fair - 40
Dynamite Removal
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Table 3.1. Physical Properties of Some of the More Commonly Used Explosives (From:

DEMEX 2002) (continued).

Velocity Shattering Water Specific Weight
Explosive Principal Use(s) Density Effect . Energy Strength
m/sec | ftsec (TNT=1.0) | Resistance | is/ke) %
50% NG Cratering and Rock - - - - Fair - 50
Dynamite Removal
60% NG Cratering and Rock - - - - Fair - 60
Dynamite Removal
Binary Explosives
Binex 42P Demolition Charge 4,000 | 13,125 1.5 - Good -
Cratering and Rock
Removal
PLX (Liquid, Demolition Charge 6,200 | 20,340 1.14 1.27 Good 535 85
Liquid) Shape Charge
Cratering and Rock
Removal
Metal Severance
Kinepak (Solid, Demolition Charge 6,100 | 20,010 1.15 - Good - 80
Liquid) Cratering and Rock
Removal
Metal Severance
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3.5.3 Improved Charge Deployment Devices

Charge deployment devices are at the root of many of the problems discussed
previously concerning charge placement and effectiveness. Unfortunately, since charge
deployment devices are essentially expendable (being blown up with the charge), large
investments in their development are rarely undertaken. The market for sophisticated,
expensive charge deployment devices is limited.

3.5.4 Computer Modeling

There are several computer modeling developmental programs aimed at
developing a better understanding of the best way to induce tubular failure. Once
perfected, such computer modeling programs may allow contractors to better calibrate
their explosive requirements and reduce the size of charges required for specific jobs.

3.5.5 Improvements in Explosive Cutting Tape

Explosive cutting tape is a type of linear shape charge. The flexibility of the tape
allows it to be contoured to irregularly shaped platform members and still maintain the
required stand-off distance for an effective cut. At the present time, the compressibility
of this type of flexible linear charge makes it ineffective in deeper water where the
hydrostatic pressure causes the liner to be distorted or collapsed. Improvements in the
flexible casings for these types of charges could allow them to be used at greater depths.

3.5.6 Fracturing Charges

“Plaster” and “Shock Refracting” charges do not require the specific stand-off
distance of a shaped charge, thus avoiding the compressibility problem. Charge weight
for specific tubular cuts currently is